The subaerial part of the Stromboli stratovolcano was built up in the last 100 kyr through six periods of activity; the erupted magmas record the largest compositional variation of all the Aeolian arc volcanoes (calc-alkaline, shoshonitic, and potassic alkaline magma series). The trace element characteristics of the less evolved magmas of each period of activity are coherently correlated with their radiogenic isotope (Sr, Nd, Pb) composition, and are typical of volcanic arc rocks. In terms of U-series isotopes, samples from the different magma series have both 238 U and 230 Th excesses, and this distinctive feature provides additional constraints on source enrichment processes within the mantle wedge and on the mechanism of partial melting. Overall the complete set of data demonstrates that the genesis of the different magma series at Stromboli can be accommodated in a mantle source that experienced two distinct enrichment processes by different parts of the subducting oceanic crust of the Ionian slab.The first was caused by supercritical liquids originating from the basaltic and sedimentary parts of the subducting slab at 45 GPa and $9008C.The second was induced by aqueous fluids, again originating from the basaltic and sedimentary parts of the slab, released from a shallower part of the subducted Ionian slab (55 GPa and $8008C). U^Th disequilibria constrain the timing of the first metasomatic event (Stage I: supercritical liquids) at 4435 ka, whereas the second event (Stage II: aqueous fluids) occurred at $100 ka. The high-angle dip of the Ionian slab ($708) caused the superimposition of the metasomatizing agents of the two enrichment processes in the same volume of the mantle wedge, explaining the occurrence of such different magma series in a single volcanic edifice. The U^Th disequilibria provide evidence for dynamic melting of the metasomatized mantle wedge combined with an ageing effect resulting from the restoration of secular equilibrium after the perturbation caused by the U-rich aqueous fluids of Stage II. The trace element and radiogenic isotope (U,Th, Sr, Nd, Pb) signature of the mantle source of the magmas at Stromboli is thus dependent upon the amount of supercritical liquids and aqueous fluids released by the two components of the subducted slab, whereas the distinctive 238 U and 230 Th excesses of the magmas result from a combination of mantle ageing and time-dependent dynamic melting. The geochemical and radiogenic isotope signature of the mantle source beneath Stromboli places important constraints on the isotopic polarity from Southern Latium to the Aeolian arc attributed to the effect of a HIMU mantle component following either lateral inflow of foreland mantle material or upwelling of a mantle plume in the centre of the Tyrrhenian basin. Our geochemical model demonstrates that the high 206 Pb/ 204 Pb of the putative 'HIMU' mantle component could be equally formed during metasomatism of the pre-existing mantle wedge by either the supercritical liquid (Stage I) or aqueous fluid (Stage II) released by the subducted altered basalt of the Ionian plate.
The subaerial part of the Stromboli stratovolcano was built up in the last 100 kyr through six periods of activity; the erupted magmas record the largest compositional variation of all the Aeolian arc volcanoes (calc-alkaline, shoshonitic, and potassic alkaline magma series). The trace element characteristics of the less evolved magmas of each period of activity are coherently correlated with their radiogenic isotope (Sr, Nd, Pb) composition, and are typical of volcanic arc rocks. In terms of U-series isotopes, samples from the different magma series have both 238 U and 230 Th excesses, and this distinctive feature provides additional constraints on source enrichment processes within the mantle wedge and on the mechanism of partial melting. Overall the complete set of data demonstrates that the genesis of the different magma series at Stromboli can be accommodated in a mantle source that experienced two distinct enrichment processes by different parts of the subducting oceanic crust of the Ionian slab.The first was caused by supercritical liquids originating from the basaltic and sedimentary parts of the subducting slab at 45 GPa and $9008C.The second was induced by aqueous fluids, again originating from the basaltic and sedimentary parts of the slab, released from a shallower part of the subducted Ionian slab (55 GPa and $8008C). U^Th disequilibria constrain the timing of the first metasomatic event (Stage I: supercritical liquids) at 4435 ka, whereas the second event (Stage II: aqueous fluids) occurred at $100 ka. The high-angle dip of the Ionian slab ($708) caused the superimposition of the metasomatizing agents of the two enrichment processes in the same volume of the mantle wedge, explaining the occurrence of such different magma series in a single volcanic edifice. The U^Th disequilibria provide evidence for dynamic melting of the metasomatized mantle wedge combined with an ageing effect resulting from the restoration of secular equilibrium after the perturbation caused by the U-rich aqueous fluids of Stage II. The trace element and radiogenic isotope (U,Th, Sr, Nd, Pb) signature of the mantle source of the magmas at Stromboli is thus dependent upon the amount of supercritical liquids and aqueous fluids released by the two components of the subducted slab, whereas the distinctive 238 U and 230 Th excesses of the magmas result from a combination of mantle ageing and time-dependent dynamic melting. The geochemical and radiogenic isotope signature of the mantle source beneath Stromboli places important constraints on the isotopic polarity from Southern Latium to the Aeolian arc attributed to the effect of a HIMU mantle component following either lateral inflow of foreland mantle material or upwelling of a mantle plume in the centre of the Tyrrhenian basin. Our geochemical model demonstrates that the high 206 Pb/ 204 Pb of the putative 'HIMU' mantle component could be equally formed during metasomatism of the pre-existing mantle wedge by either the supercritical liquid (Stage I) or aqueous fluid (Stage II) released by the subducted altered basalt of the Ionian plate.
I N T RO D UC T I O N
Stromboli is part of the Aeolian Islands volcanic arc, whose formation has been attributed to the subduction of the Ionian plate beneath Calabria ( Fig. 1 ) (e.g. Wortel & Spakman 2000; Faccenna et al., 2003) . Element recycling within the 'subduction factory' is a fundamental component in the long-term global geochemical dynamics of the mantle^crust system. A number of studies have demonstrated that subduction zone magmas carry contributions from several components including the mantle wedge, the recycled oceanic crust (altered oceanic basalt and sediment), and the continental or oceanic crust underlying the arc (e.g. Hawkesworth et al., 1991 Hawkesworth et al., , 1997 Elliott et al., 1997; Turner et al., 1997; Plank & Langmuir, 1998; Sigmarsson et al., 1998) . In the case of Stromboli, the geochemical characteristics of the erupted magmas reveal a distinct contribution of both altered oceanic basalt and sediment of the subducted slab (e.g. Class et al., 2000; Hochstaedter et al., 2001) . The key points that make Stromboli a unique volcano are the extreme geochemical diversity of its magmas (e.g. Francalanci et al., 1988 Francalanci et al., , 1989 Francalanci et al., , 2007 Luais, 1988) , and the high-angle dip ($708) of the subducting Ionian plate, along with its almost complete consumption (e.g. Gvirtzman & Nur, 1999 , 2001 Meletti et al., 2000; Pontevivo & Panza, 2006; Faccenna et al., 2007) .
In this study, we consider the petrogenesis of the different magma series at Stromboli in terms of mantle components, time-scales of mantle enrichment, and partial melting processes. These goals are achieved using an extensive, new, dataset of key chemical tracers including trace elements, radiogenic isotopes (Sr, Nd, Pb) and U-series isotopes, in combination with appropriate geophysical data to constrain the geodynamic setting of the magmatism.
The trace element and radiogenic isotope signature of the Stromboli basalts places important constraints on the isotopic polarity from Southern Latium to the Aeolian arc, ascribed to an increasing within-plate component southward (e.g. Hawkesworth & Vollmer, 1979; Ellam et al., 1989; Conticelli et al., 2002) . The within-plate component has been referred either to lateral inflow of foreland mantle material into the wedge as a result of subduction roll-back (e.g. Peccerillo, 2001; Trua et al., 2002) , or to a hot mantle plume piercing the subducted slab in the centre of the Tyrrhenian basin (e.g. Gasperini et al., 2002; Bell et al., 2004) , neglecting the potential contribution of the subducted altered basalt of the Ionian plate.
G E O D Y NA M I C S E T T I N G
A schematic outline of the geodynamic evolution of the Mediterranean region is first summarized to highlight a number of key points that are critical to assess the mantle source characteristics of the magmas at Stromboli.
The Mediterranean domain provides a present-day geodynamic analogue for the early stages of continentĉ ontinent collision. The present-day structure of the Italian region is a consequence of the convergence of the African and Eurasian plates (for recent reviews, see, e.g. Gueguen et al., 1998; Faccenna et al., 2003 Faccenna et al., , 2007 Mattei et al., 2004) . During the Tertiary, Africa has been slowly converging with Eurasia at a rate of $1^2 cm/year; and the total convergence in the central Mediterranean region is estimated to have reached 400^500 km during the past 90 Myr (e.g. Dewey et al., 1989) . The oceanic plates have been subducted or obducted almost completely, except for the last remnants occurring in the Ionian basin and southeastern Mediterranean (Cavazza & Wezel, 2003; Finetti, 2005; Stampfli, 2005) . This process, combined with the Neogene retreat of the trench (e.g. Gueguen et al., 1998; Gvirtzman & Nur, 1999 , 2001 Wortel & Spakman, 2000; Faccenna et al., 2003) , has caused the progressive closure of the intervening Mesozoic oceanic basins of the Western Tethyan domain, with the formation of a complex arcuate orogenic belt (Apennine^Maghrebide belt) and extensional back-arc basins (Ligurian^Provenc°al and Tyrrhenian basins). The Ionian^Adriatic lithosphere has been continuously subducted toward the NW underneath the Eurasian plate. The present-day remnants of the Ionian plate consist of Triassic^Jurassic oceanic crust underneath a thick pile of Mesozoic and Cenozoic sediments (Catalano et al., 2001; Finetti, 2005; Stampfli, 2005) . The Apennine orogeny and associated back-arc extension were accompanied by long-lived volcanic activity that continues today. The magmas produced represent one of the most impressive features of the geodynamic evolution of Italy, and are characterized by a considerable petrological, geochemical and isotopic diversity (e.g. Conticelli & Peccerillo, 1992; Conticelli et al., 2002; Peccerillo, 2003; Avanzinelli et al., 2007) .
The main present-day geodynamic feature of the Italian region is a well-defined Benioff Zone (roughly 200 km wide, dipping NW at $708) down to about 500 km, which reveals the still active process, although now almost exhausted, of subduction of the Ionian oceanic plate below Calabria and the Tyrrhenian Sea (e.g. Meletti et al., 2000; Wortel & Spakman, 2000; Faccenna et al., 2001 Faccenna et al., , 2007 Panza et al., 2003) . Thermal and rheological modelling of the subducting Ionian slab indicates a very cold subduction zone (Carminati et al., 2005; Pasquale et al., 2005) , perhaps one of the coldest on Earth, implying the occurrence of dehydration and melting reactions at greater depths than in many volcanic arcs.
The Aeolian Volcanic Arc
The Aeolian volcanic arc (Fig. 1) is related to the subduction beneath Calabria of the Ionian plate, whose depth below the arc is $200 km (Di Stefano et al., 1999; Gvirtzman & Nur, 1999 , 2001 Meletti et al., 2000; Faccenna et al., 2001 Faccenna et al., , 2007 Pontevivo & Panza, 2006; Montuori et al., 2007) . The 'arc' is formed of seven volcanic islands (Alicudi, Filicudi, Salina, Lipari, Vulcano, Panarea, Stromboli) and seven seamounts (Lametini, Alcione, Palinuro, Marsili, Sisifo, Enarete, Eolo), which form an approximately crescent-shaped structure (for a recent review, see Francalanci et al., 2007) . The arc is located on the southeastern continental slope of the Tyrrhenian abyssal plain, overlying 15^20 km thick continental crust (Morelli et al., 1975) . The age of the subaerial and submerged Aeolian arc volcanoes ranges from at least 1Á3 Ma to the present (Beccaluva et al., 1985; Gillot & Keller, 1993; Santo et al., 1995; De Rosa et al., 2003) . The volcanic edifices of Vulcano and Stromboli are still active, and historic eruptions have been recorded at Lipari (AD 580).
The Aeolian volcanic rocks belong to the typical magmatic series occurring in subduction-related settings, varying from island arc tholeiite (limited to seamounts, Beccaluva et al., 1985) to calc-alkaline, high-K calc-alkaline and shoshonitic magma series closely associated in space and time (Fig. 1) . The magmas with the most depleted isotopic signature crop out in the volcanic island of Alicudi (Peccerillo et al., 1993; Francalanci et al., 1993 Francalanci et al., , 2007 . Shoshonitic magmas at Stromboli and Vulcano have a large range of K 2 O contents at a given silica content, hence a potassic series (KS) is also defined to distinguish the different potassium enrichment (K 2 O 43Á5 wt % at SiO 2 556 wt %). There is no unique time-dependent variation of magmatic series in the different sectors of the arc, although a general increase of K 2 O with time is observed at Vulcano and Stromboli. The western, central and eastern branches of the arc are distinct on the basis of available petrological, geochemical and geophysical data (Ellam et al., 1989; Francalanci et al., 1993 Francalanci et al., , 2007 Falsaperla et al., 1999; Peccerillo & Panza, 1999; De Astis et al., 2000; Tonarini et al., 2001) .
A NA LY T I C A L T E C H N I Q U E S
New analytical data have been obtained for chemically well-defined samples for which major and selected trace element data had been acquired in previous studies (Francalanci et al., 1989 (Francalanci et al., , 2004 . Briefly, about 100^200 mg of rocks powder were dissolved in screwtop Teflon beakers using a mixture of HF^HNO 3^H ClO 4 , then dried down, and repeatedly converted into nitrate and chloride form. Subsequently, sample solutions were split into several aliquots for inductively coupled plasma mass spectrometry (ICP-MS) analysis and sequential U, Th, and Pb, Sr, Nd separation by standard chromatographic ion-exchange techniques [details have been given by Heumann et al. (2002) ]. A range of trace element concentrations were determined by ICP-MS using a VG PQ2 system at the Geowissenschaftliches Zentrum, University of Go« ttingen. Analytical accuracies are synonymous with the significant digits of concentrations reported in Table 1 .
The concentrations of U and Th were determined by isotope dilution using 229 Th and 236 U tracer solutions at the University of Go« ttingen. Isotopic ratios were measured by thermal ionization mass spectrometry (TIMS), by peak jumping or multi-statically switching the ion beam between the ion-counting and Faraday detectors on a MAT262 RPQþ TIMS system. For uranium, results were processed off-line following an exponential law of mass fractionation after correction for the added tracer solution. The external precision of Th isotope ratio measurements was monitored with an in-house standard which had a 230 Th/ 232 Th value within the range of the analysed samples and a reproducibility (2s) of AE0Á7% (n ¼ 8). Calculated activity ratios, indicated in parentheses, are based on decay constants from the compilation of Bourdon et al. (2003) .
Sr and Nd isotope compositions were measured in dynamic mode on a Thermo Finnigan Triton-Ti TIMS system equipped with nine moveable collectors at the Department of Earth Sciences, University of Firenze (Avanzinelli et al., 2005) . The data are corrected for mass fractionation using an exponential law based on 86 
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The ages of the periods of activity are from Gillot & Keller (1993) and Arrighi et al. (2004) . Table 2 .
Stromboli is a stratovolcano forming the northernmost island of the Aeolian volcanic arc (Fig. 1) . It has an elevation of $2900 m above the Tyrrhenian sea floor (924 m above sea level) with a volume of $300 km 3 , and lies upon 20 km thick continental crust. The subaerial part of the main cone was built up during the last 100 kyr through six periods of activity (e.g. Hornig-Kjarsgaard et al., 1993) characterized by prevalent lava flows and minor explosive eruptions (Palaeostromboli I, II, III, Vancori, Neostromboli and Recent).The Strombolicchio neck, located $1Á7 km NNE offshore from Stromboli and belonging to the same submarine cone, represents the oldest subaerial portion of the volcano, with an age of $200 ka. The volcanic rocks of Stromboli record the greatest range of compositional variation of all the Aeolian arc volcanoes (e.g. Francalanci et al., 1988 Francalanci et al., , 1989 Francalanci et al., , 2007 Luais, 1988) , ranging from calc-alkaline (CA: Strombolicchio, Palaeostromboli II) to high-K calcalkaline (HKCA: Palaeostromboli I, III, Recent Period), shoshonitic (SHO: Vancori, Recent Period), and potassicâ lkaline (KS: Neostromboli) magma series ( Fig. 2) . On the basis of this variety of magma series in 5100 kyr of activity, we have focused the study on the less evolved samples of each period to assess the geochemical characteristics of the mantle source at Stromboli (Fig. 2) . We have also selected a number of evolved samples to constrain the effects of magmatic differentiation (i.e. fractional crystallization AE assimilation) on the trace element and radiogenic isotope signature. The increase in the potassium content of the studied samples is positively correlated with their incompatible trace element content and radiogenic isotope signature (Sr and Nd isotopes). For example, K 2 O/Na 2 O and 87 Sr/ 86 Sr increase systematically from CA to SHO and KS rocks (Fig. 3) , providing evidence of a continuous enrichment of lithophile elements in the mantle source. In Fig. 3 , we have also reported data for representative samples of Alicudi, Panarea and Tyrrhenian Sea basalts. The rationale for this choice is based on the following: (1) Alicudi, although located some 60 km to the west of Stromboli, represents the volcano of the Aeolian Islands with the most depleted isotopic signature (e.g. Peccerillo et al., 1993; Francalanci et al., 2007) and can help to constrain the enrichment process(es) of the mantle wedge underneath the Aeolian arc volcanoes; (2) Panarea, also with a relatively depleted geochemical signature (e.g. Francalanci et al., 1993) , is the closest island to Stromboli and could, therefore, share a common pre-enrichment mantle source; (3) the Tyrrhenian Sea basalts can help to set constraints on the geochemical signature of the upwelling asthenospheric mantle along with potential mixing processes with the overlying lithosphere. The Alicudi and Panarea basalts (Fig. 3) define the unradiogenic end of the Stromboli trend consistent with derivation from a depleted mantle source (e.g. Peccerillo et al., 1993; Calanchi et al., 2002; Francalanci et al., 2007) , whereas the Tyrrhenian Sea basalts have distinctly lower K 2 O/Na 2 O defining a trend subparallel to that of the Alicudi^Panarea^Stromboli basalts.
Primitive mantle normalized trace element patterns are similar for all of the selected Stromboli samples ( . Similar to the other incompatible trace elements, the REE enrichment and the fractionation of HREE increase systematically from the CA rocks of Palaeostromboli II to the KS rocks of Neostromboli (Table 1) .
The radiogenic isotope signature of the rocks of Stromboli (Fig. 5 ) trends towards the EM II mantle component (e.g. Zindler & Hart, 1986) . Taken together with representative volcanic rocks from Alicudi and Panarea, the rocks of Stromboli define a trend between an EM II-like and a high-m (high 238 U/ 204 Pb) mantle component (Fig. 5) . In all radiogenic isotope diagrams, with no exception, the rocks of Alicudi are the closest to the high-m mantle end-member, whereas the rocks of Stromboli trend toward the EM II end-member. (Francalanci et al., , 2007 Peccerillo et al., 1993 Peccerillo et al., , 2004 suggest that the high-m mantle component differs from the classical HIMU or FOZO mantle components defined on the basis of ocean island basalt (OIB) geochemistry (Zindler & Hart, 1986; Stracke et al., 2005) . 
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U and Th have been determined by isotope dilution. Errors on isotopic ratios refer to the least significant digits and represent AE2s m run precision. Ã Data reported also by Francalanci et al. (2007) . Fig. 6 ), the data delineate a striking concave-upward pattern: the samples of the CA and SHO series display a negative correlation, whereas the samples of the KS series exhibit a positive correlation. When combined with the samples of Alicudi and Panarea, the whole dataset defines a saw-tooth trend (Fig. 6) , with the Panarea basalts plotting on the extension of the CA and SHO series trend toward unradiogenic Sr isotope compositions, whereas the Alicudi basalts define a wide range of K/Nb at relatively constant 87 Sr/ 86 Sr. U and Th concentrations in all the magma series are remarkably high, ranging from 2 to 6Á5 ppm and from , 2002) . The Stromboli dataset is from Francalanci et al. (1988 Francalanci et al. ( , 1989 Francalanci et al. ( , 1993 Francalanci et al. ( , 2004 Francalanci et al. ( , 2007 . The larger symbols represent the selected samples of each period of activity analysed in this study; the larger symbols with a cross represent evolved samples. PST, Palaeostromboli. Fig. 3 ). The field of MORB is from Stracke et al. (2005) ; the mantle components are from Zindler & Hart (1986) and Stracke et al. (2005). 7 to 25 ppm, respectively ( Table 2 ). The CA samples of Palaeostromboli II have the lowest contents (2 ppm U, 7 ppm Th), whereas the KS samples of Neostromboli have the highest U (up to 6Á5 ppm) and Th (up to 25 ppm) contents. In terms of U-series isotopes (Fig. 7) Th/ 232 Th) and should, therefore, produce a negative correlation (e.g. Hawkesworth et al., 1997) . The 238 U excess, which is normally interpreted to reflect the addition of fluid-mobile elements (e.g. Ba, U, Pb) released during dehydration of the downgoing slab (e.g. Brenan et al., 1995; Keppler, 1996; Elliott et al., 1997) , provides some contradictory evidence (Fig. 9): (1) in the samples of the CA and SHO series, the U excess of the Palaeostromboli II samples (up to 18%, Fig. 7 ) is only partially coupled with the U/Th and Ba/Th enrichment; (2) in the KS series of Neostromboli, however, the sample having the most marked Th excess (18% STR 50, Fig. 7 ) has the highest Ba/Th. In other words, Ba was decoupled from U during the process that created the distinctive U^Th signature of the Stromboli magmas.
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T H E P OT E N T I A L S O U RC E S O F T H E M AG M A S AT ST RO M B O L I
Stromboli, along with other volcanoes of the Aeolian Islands, represents the product of subduction of the Ionian plate beneath Calabria (e.g. Faccenna et al., 2003; Mattei et al., 2004) . On the basis of geophysical studies (Panza, 1985; Bassi et al., 1997; Di Stefano et al., 1999; Gvirtzman & Nur, 1999 , 2001 Meletti et al., 2000; Wortel & Spakman, 2000; Faccenna et al., 2001 Faccenna et al., , 2007 Panza et al., 2003; Scrocca et al., 2003; Pontevivo & Panza, 2006; Montuori et al., 2007) , the deep structure underneath Stromboli consists of Calabrian continental crust to a depth of $20 km and a thin lithospheric mantle lid to a depth of $40 km, separated by a convective asthenospheric mantle wedge to a depth of $200 km, and then the subducting Ionian slab. A major obstacle in modelling the geochemical characteristics of the mantle wedge, the source of magmas at Stromboli, is the lack of direct data on the various components that could potentially contribute to the trace element budget of the magmas. In the following sections we outline the assumptions we had to make to provide constraints on the geochemical and isotopic characteristics of the different crustal and mantle components beneath Stromboli.
The mantle wedge
The trace element composition of the convective mantle wedge below Stromboli prior to the recent subduction enrichment process can be estimated using the composition of the magmas generated as a consequence of asthenospheric upwelling in the central Tyrrhenian Sea. As the available data for Tyrrhenian Sea basalts are from dredged samples (Beccaluva et al., 1990) (Beccaluva et al., 1990; Gasperini et al., 2002) has been generated by $10% batch melting of the asthenospheric mantle, using the bulk partition coefficients of Workman & Hart (2005) . The estimated geochemical composition of the mantle wedge (Table 3) mimics that of enriched MORB-source mantle (E-DMM, Workman & Hart, 2005) , and although speculative, it is not critical to the model proposed below, as its low trace element budget is overwhelmed by the trace element and isotopic signal of the subducting components during the recent enrichment processes.
The subducted slab
The geodynamic setting of the Aeolian Islands differs from that of most subduction-related volcanoes in the high-angle ($708) geometry of the Benioff Zone and a very low geothermal gradient (Carminati et al., 2005; Pasquale et al., 2005) . This results in the occurrence of dehydration reactions at greater depths than in other arcs (Davies & Stevenson, 1992; Peacock et al., 1994) . Consequently, this characteristic must be taken into account in considering the fate of the oceanic crust in the subduction factory. The subducted Ionian oceanic slab consists of sediment, basalt and oceanic lithospheric mantle. In terms of the trace element budget delivered to the overlying mantle wedge, the contribution of the oceanic lithospheric mantle, commonly regarded as being a refractory harzburgite, is considered negligible, excluding any H 2 O released during the dehydration of serpentine, chlorite and other high-pressure H 2 O-bearing phases (e.g. Stalder et al., 2001; Iwamori, 2004; Ru« pke et al., 2004) . These minerals, upon reaching their stability limits, dehydrate and release supercritical fluids, which flush the oceanic crust and transfer fluidmobile elements to the overlying mantle wedge, lowering the solidus of the peridotite and triggering melting.
On the other hand, the two major components of the oceanic crust (altered basalt, including the intrusive counterpart, and sediment cover) play a fundamental role in recycling lithophile elements back into the mantle wedge through the prograde dehydration reactions occurring during slab subduction (e.g. Hawkesworth et al., 1991 Hawkesworth et al., , 1997 Peacock et al., 1994; Elliott et al., 1997; Turner et al., 1997; Plank & Langmuir, 1998) . The geochemical characteristics of altered oceanic basalt (AOB) mostly reflect hydrothermal alteration at mid-ocean ridges, which continues more slowly as the sea-floor ages (e.g. Staudigel et al., 1995; Becker et al., 2000) . The most significant modifications are the enrichments in K, Ba, Rb, Cs, U, and radiogenic Sr (Staudigel et al., 1995) . In the case of Stromboli, however, we cannot use the AOB composition as it stands because during slab subduction, the high P^low T metamorphic regime must have induced mineralogical and geochemical transformations of the variably hydrated basalt and gabbro to eclogite with the release of H 2 O and fluid-mobile elements (e.g. Peacock et al., 1994; Schmidt et al., 2004) .
For this reason, we chose to use as a proxy of the basaltic component (Table 3) an intermediate composition between two eclogites (Becker et al., 1999) occurring in the Adula nappe (central Alps, Switzerland) and in the Mu« nchberg Gneiss Massif (Variscan fold belt, Germany). The two eclogites are considered to represent the AOB after the loss of a fluid phase at high-P (2^3 GPa) and relatively low-T (600^6508C) conditions, corresponding to a geothermal gradient 5108C/km, which is likely to be similar to the P^T regime below Stromboli (Carminati et al., 2005; Pasquale et al., 2005 (Workman & Hart, 2005) , and a m of 35 (e.g. Staudigel et al., 1995) , developed during sea-floor alteration, the basaltic component could reach a 206 Pb/ 204 Pb of 19Á47^19Á75 in 150^200 Myr, a time span consistent with the age of the Western Tethyan ocean basins (Catalano et al., 2001; Bortolotti & Principi, 2005; Finetti, 2005; Stampfli, 2005) .
The subducted pelagic sediments of the Ionian plate are the other major component capable of recycling lithophile elements back into the mantle. The relevant data are the Pb is from Plank & Langmuir (1998) because no Pb isotope data were reported by Weldeab et al. (2002) (see text). U-Th activity ratios in the three endmembers have been calculated from elemental contents assuming secular equilibrium. The bulk solid/fluid and solid/ supercritical liquid partition coefficients of the two-stage mantle enrichment process are from Kessel et al. (2005) , and are within 1s of their mean values. The basaltic component has been assumed to have more residual rutile than the sedimentary component. Also, the bulk partition coefficients of the sedimentary component have been reduced by a factor of 0Á5 owing to the presence of $50% residual coesite and kyanite (e.g. Schmidt et al., 2004) . The trace element and isotopic composition of supercritical liquids and aqueous fluids liberated by the pure basaltic and sedimentary component is reported in the last rows along with F, the degree of melting. SL1, SL2 and SL3 represent three mixtures between the sediment-derived and basalt-derived supercritical liquid. AF1 and AF2 represent two mixtures between the sediment-derived and basalt-derived aqueous fluid. The percentages given in parenthesis refer to the relative proportion of the sediment-derived supercritical liquid (SL1, SL2, SL3) and aqueous fluid (AF1, AF2) with respect to the basalt-derived supercritical liquid and aqueous fluid. Avanzinelli et al., 2007) , whereas GLOSS has a Ba/Th ¼110. In contrast, the average composition of Post Archean Shales (Taylor & McLennan, 1985) has Ba/Th 560, whereas the other trace elements are not greatly different from GLOSS. We therefore used the Post Archean Shale composition as a proxy of the subducting sediment pile (Table 3 ).
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The Calabrian lithosphere
The trace element budget of the continental crust exceeds greatly that of the continental lithospheric mantle (e.g. Taylor & McLennan, 1985; McDonough, 1990) . Consequently, the $20 km thick crust forming the basement below Stromboli has a greater potential than the $20 km thick lithospheric mantle lid to modify the composition of the mantle-derived magmas en route to the surface, as a consequence of low-pressure assimilation^fractional crystallization processes. On the other hand, the frozen outer portion of the magma chamber and feeding dykes can serve as chemical insulators, preventing significant assimilation of the wall-rocks. Previous studies on the different magma series of Stromboli (Fig. 2) have already established that the CA, HKCA, and SHO rocks experienced negligible wall-rock assimilation, whereas the evolution of the KS series was accompanied by complex open-system processes (Francalanci et al., 1988 (Francalanci et al., , 1989 (Francalanci et al., , 2007 .
Details of the evolution of single magma series are beyond the scope of this study; we simply wish to emphasize the general geochemical characteristics of the selected samples. The occurrence of open-system processes can be established using a number of key trace element ratios and radiogenic isotopes because systematic variations are to be expected. For example, the increase of Ba/K with 87 Sr/ 86 Sr is a robust tool to discriminate between crustal assimilation and source enrichment (Turner et al., 1996) . Available data for the Calabrian basement confirm that the geochemical characteristics of the Stromboli, Alicudi and Panarea magmas are dominantly controlled by source enrichment processes (Fig. 10) . The whole set of samples from Stromboli, both evolved and of more primitive composition, exhibit negligible crust involvement. Also, considering the Rb^Sr systematics of the Stromboli magmas alone (Tables 1 and 2) , there is no net increase of 87 Sr/ 86 Sr with differentiation in each period of activity, reflecting a general closed-system differentiation environment. It should be noted, however, that studies of the Stromboli KS series evolution have proposed the involvement of open-system processes (Francalanci et al., 1988 (Francalanci et al., , 1989 (Francalanci et al., , 2007 . This does not necessarily conflict with our interpretation, which is based on the geochemical signature of the entire set of samples and not on a single magma series. For example, the slight shift to the right of some of the KS series samples in Fig. 10 (indicated by the hatched field), could reflect some crustal assimilation (Francalanci et al., 1989) , although it is clear that the displacement towards more radiogenic Sr isotope compositions is minimal and cannot challenge the general interpretation that the main process controlling the geochemical signature of the samples is due to mantle source enrichment and not crustal contamination.
T H E M A N T L E W E D G E E N R I C H M E N T
In this section we assess the enrichment processes responsible for the geochemical signature of the mantle source Fig. 3) , and the Calabria basement (Del Moro et al., 2000; Fornelli et al., 2002) . The two vectors indicate the expected magma enrichment caused by crustal contamination by the Calabria basement as opposed to mantle source processes (e.g. Turner et al., 1996) . of the magmas feeding Stromboli and the role played by subducted components. The Stromboli lavas have among the highest Th contents of volcanic arc magmas (up to almost 25 ppm excluding the evolved samples, Table 2 ), including those from the Philippines and Indonesia (e.g. McDermott et al., 1993; Vroon et al., 1993 Vroon et al., , 1996 Turner & Foden, 2001 ). This suggests, along with the low U/Th of the samples (U/Th 50Á3, Table 1 ) and other trace element (Fig. 4) and radiogenic isotope characteristics (Fig. 5) , that their geochemistry is dominated by a sedimentary component in the mantle source rather than slab fluids (e.g. Hawkesworth et al., 1997) , leaving the open question of the process responsible for the development of both Th and U excesses (Fig. 7) , and the positive correlation between Sr and Th isotopes (Fig. 8) , which contradicts a model of mantle metasomatism by subducted sediment.
Stage I: the role of supercritical liquids
A key factor that helps to understand the unique characteristics of the magmas of Stromboli is the geometry of the Benioff Zone, which dips at a high angle ($708), associated with a very low geothermal gradient. A number of studies have suggested that the transfer of sedimentary components from the subducted slab into the mantle wedge occurs as a partial melt rather than by bulk addition (e.g. Hawkesworth et al., 1997; Turner et al., 1997; Sigmarsson et al., 1998; Johnson & Plank, 1999) , despite the fact that most thermal models of subduction zones predict temperatures at the slab^wedge interface that are too low for sediment melting (e.g. Peacock et al., 1994; Ru« pke et al., 2004) . In the case of Stromboli, this dichotomy can possibly be resolved because of the high-angle dip of the Ionian plate, which causes dehydration and 'melting' reactions to occur at greater depths (equivalent to 44 GPa) than in many volcanic arcs (e.g. Davies & Stevenson, 1992) . The increase of the dehydration and 'melting' pressure for a given lithology results in the convergence of the composition of the low-density aqueous fluid (lowtemperature side) and the dense hydrous silicate melt (high-temperature side) along a miscibility gap, which eventually disappears; the intersection of the fluid-saturated solidus with the closure of the fluid^melt solvus at high pressure is termed the second critical end-point of the solidus (Boettcher & Wyllie, 1969) . Beyond this pressure, the discontinuous solidus reaction involving the aqueous fluid (low T) and the hydrous silicate melt (high T) is replaced by a continuous reaction involving a supercritical liquid (Kessel et al., 2005) , which spans a chemical continuum between the composition of the aqueous fluids and hydrous silicate melts at lower pressure. In particular, the low-pressure difference between the partition coefficients of fluid-mobile (e.g. Rb, Ba, Pb, U) and fluid-immobile (e.g. Th, REE) trace elements ceases to exist in supercritical liquids, and all the lithophile trace elements have melt-like solubilities (Kessel et al., 2005) .
In basaltic and pelitic systems, the second critical endpoint of the solidus is at $5^6 GPa (Schmidt et al., 2004; Kessel et al., 2005) . Melting of the slab at P45 GPa generates supercritical liquids whose K content should be positively correlated with pressure as demonstrated by the experiments of Johnson & Plank (1999) , albeit limited to 2 and 4 GPa. In the case of Stromboli, the positive correlation between K 2 O/Na 2 O and 87 Sr/ 86 Sr (Fig. 3) provides evidence of mantle metasomatism by supercritical liquids enriched in K and radiogenic Sr.
As the subducted slab includes both basalt and sediment, their distinct trace element leverage on the composition of the mantle wedge can possibly generate a different geochemical signal in the erupted magmas (e.g. Class et al., 2000; Hochstaedter et al., 2001 Accordingly, we have attempted to model the enrichment of the mantle wedge overlying the subducted slab using the relevant bulk partition coefficients (D) for a number of key trace elements that have been recently determined for supercritical liquids in equilibrium with basalts at 6 GPa (Kessel et al., 2005) ; that is, beyond the second critical end-point of the solidus (Boettcher & Wyllie, 1969) .
As starting end-members we used (1) our estimated composition of the mantle wedge, (2) the composition of the basaltic crust after the escape of a fluid phase at lower pressure, and (3) the sediment component (Table 3 ). The bulk partition coefficients have been measured only for supercritical liquids in equilibrium with basalt, but at pressures 44 GPa sediments have the same eclogite-facies mineralogy (although different mineral proportions) as basalt, except for the occurrence of phengite because of the higher K 2 O and Al 2 O 3 contents of the sediments (Schmidt et al., 2004) . The high solubility of K 2 O in supercritical liquids, however, results in the rapid dissociation of phengite and its removal from the residual sediment (Schmidt et al., 2004) . Thus, the bulk partition coefficients measured for supercritical liquids in equilibrium with basalt can be equally applied to sediments (Kessel et al., 2005) , although the high amount of coesite and kyanite in the residual sediment ($50%, Schmidt et al., 2004) requires that the bulk partition coefficients of the sedimentary component be roughly reduced by a factor of 0Á5 compared with those of the basaltic component.
We have determined the best fit to the Stromboli data using a trial and error approach on the parameters controlling the trace element composition of the two supercritical liquids: the partial melting degree and the bulk partition coefficients. The compositional variability of the subducted oceanic crust (basalt and sediment) has not been considered in our modelling but it is another parameter that can potentially affect the trace element characteristics of the two enriching agents. The best solution has been found using the bulk partition coefficients measured by Kessel et al. (2005) at 6 GPa and 9008C, and a partial melting degree of 4% and 20% for the basaltic and sedimentary component, respectively (Table 3 ). The P^T conditions represent only nominal values of the available bulk partition coefficients that have been adopted (Kessel et al., 2005) , and are not strictly related to the actual P^Tcondi-tions of slab melting below Stromboli; they simply indicate the high-pressure melting regime (45 GPa) of the subducted slab with the formation of supercritical liquids, consistent with the low geothermal gradient of the Aeolian arc subduction zone. In our modelling, the bulk partition coefficients for the sedimentary (reduced by a factor of 0Á5; see above) and basaltic components have been allowed to vary within 1s of the measured values (Kessel et al., 2005) , and the partial melting degrees have been estimated according to the results of Schmidt et al. (2004) and Kessel et al. (2005) . Moreover, assuming all Ti formed rutile, consistent with the experimental results of Schmidt et al. (2004) and Kessel et al. (2005) , Nb has been considered to have a less incompatible behaviour in the basaltic than in the sedimentary component of the subducted slab (D Nb ¼1 and 0Á12, respectively, Table 3 ). The results of the modelling are presented in Figs 11 and 12 for a number of key trace element ratios (Th/Nd, Th/Nb, U/Nb, Ba/Nb) and radiogenic isotopes (Sr, Nd, Pb). The mantle source of the Stromboli magmas can be reproduced by metasomatism of the mantle wedge with different mixtures of the two supercritical liquids originating from the subducted slab. As an example, we have reported in Figs 11 and 12 three mixing lines starting from the pre-enrichment mantle wedge and representing three different mixtures of the two supercritical liquids corresponding to 15% (SL1), 30% (SL2) and 60% (SL3) relative of the sediment-derived supercritical liquid (Table 3 ). The two supercritical liquids, unlike aqueous fluids originating at shallower depths (5 120 km), have melt-like solubilities for LILE and high field strength elements (HFSE) (Kessel et al., 2005) . This means that high LILE/HFSE values can be obtained not only for ratios involving fluidmobile elements (e.g. K/Nb, U/Nb) but also for ratios of fluid-immobile elements such as Th/Nb, depending on the amount of rutile remaining in the residue. The basaltic component of the slab will deliver a supercritical liquid with relatively unradiogenic 87 Sr/ 86 Sr and high Th/Nb Nd. The composition of the preenrichment mantle wedge along with the subducted sediment (SED) and basalt (AOC) is also reported. The three continuous lines with small open circles represent the metasomatized mantle wedge composition caused by the infiltration of the supercritical liquid mixtures (SL1, SL2, SL3) at 45 GPa and $9008C (Stage I). SL1, SL2, SL3 are formedby15%,30%,60% relative of the sediment-derived supercritical liquid, respectively (Table 3 ).The absolute amount of each supercritical liquid mixture (from 0Á1% to 7%) hybridizing the pre-enrichment mantle wedge is indicated only for some mixing lines. The two white arrows represent the Stage II mantle metasomatism by aqueous fluid mixtures (AF1and AF2) at55 GPa and $8008C and are reported only in the diagrams involving fluid-mobile elements. AF1 and AF2 are formed by 10% and 60% relative of the sediment-derived aqueous fluid, respectively (Table 3 ). The total displacement of the mantle wedge composition corresponds to the interaction with $7% and $3% absolute of AF1 and AF2, respectively. As an example, we have applied the second stage of metasomatism to the mantle wedge after SL1 (Palaeostromboli II) and SL3 (Neostromboli). Table 3 ; Fig. 12a ). This determines, along with the mixing proportions of the two supercritical liquids with the mantle wedge, the development of the characteristic concave-upward pattern in Figs 6 and 12a.
The mantle source of the CA series of Palaeostromboli II requires a metasomatizing agent consisting of only 15^20% relative of the sediment-derived supercritical liquid (SL1), whereas the mantle source of the KS series of Neostromboli requires a supercritical liquid formed by some 50^60% relative of the sedimentary component (SL3). In terms of absolute amounts, the mantle source of the CA series of Palaeostromboli II requires $7% of the supercritical liquid mixture SL1 (Figs 11 and 12 ), corresponding to $1% and 6% absolute of the sedimentderived and basalt-derived supercritical liquid, respectively. On the other hand, the mantle source of the KS series of Neostromboli requires $3% of the supercritical liquid mixture SL3 (Figs 11 and 12 ), corresponding to $2% and 1% absolute of the sediment-derived and basalt-derived supercritical liquid, respectively. These supercritical liquid proportions, both absolute and relative, are consistent with the difference in radiogenic isotope signature and potassium enrichment between the two magma series. The other magma series (HKCA and SHO) fall between these two extreme compositions and require intermediate mixtures of the two supercritical liquids. Another important geochemical characteristic is that the more the relative proportion of the supercritical liquid from the basaltic component, the higher the 206 Pb/ 204 Pb (SL3, SL2, SL1, Fig. 11b ) owing to the high m developed during mid-ocean ridge hydrothermal alteration. Consequently, the involvement of two distinct supercritical liquids enriching the mantle wedge can account for the trend between the EM II and high-m mantle components delineated by the rocks of Stromboli, Alicudi and Panarea (Fig. 5) .
We can thus envisage a scenario where these high-P supercritical liquids migrate through the overlying mantle wedge at a very fast rate owing to their low viscosity, and form a metasomatized mantle that subsequently, upon melting, originates the different types of magma series building up the volcanic edifice of Stromboli.
Despite the general agreement between the model calculations and the Stromboli lavas, there are a number of discrepancies that require further explanation. For example, the high Th/Nd values outside the range of the model metasomatized mantle are restricted to evolved samples (Fig. 11c) , and could be due to low-pressure differentiation processes. On the other hand, the fluid-mobile trace element signature (U, Ba, and partly 206 Pb/ 204 Pb, Figs 11b and 12b, c) of the model metasomatized mantle wedge does not match that of the Stromboli magmas and is unlikely to be the result of low-pressure differentiation as suggested above for Th/Nd. This observation, along with the U^Th disequilibria in the samples (Fig. 7) , is discussed below.
Stage II: the fluid signal
In terms of U^Th systematics, the high-P supercritical liquids invariably have 230 Th excesses (Table 3 and Kessel et al., 2005) ; the Stromboli samples thus require additional processes to explain their distribution on the equiline diagram (Fig. 7) . Also, the metasomatizing process outlined above is unable to account for both the positive correlation between Sr and Th isotopes (Fig. 8) , and the fluid-mobile trace element signature (Figs 11 and 12) . A plausible explanation is that the Stage I enrichment occurred 4435 kyr ago, allowing the 230 Th excess created in the mantle wedge by the supercritical liquids to decay. This delay between mantle enrichment (Stage I) and the eruption of magmas of the Palaeostromboli I (85 ka) period, although it helps in modelling the composition of the Stromboli samples, is not sufficient to explain the 238 U excess of some of the Stromboli magmas (Fig. 7) .
On the basis of the experimental data of Kessel et al. (2005) , the only way to produce a metasomatizing agent with 238 U excess in this high-P regime involves an aqueous fluid at a pressure below the second critical end-point of the solidus in basaltic and pelitic systems (55 GPa), as established in a number of papers dealing with U^Th systematics of subduction zone magmas (e.g. Brenan et al., 1995; Keppler, 1996; Elliott et al., 1997) . Consequently, it is tempting to suggest that the high-P supercritical liquids represent a first and old stage of mantle wedge enrichment, and a second, more recent stage occurred at lower P and involved a shallower part of the subducting Ionian slab. In our modelling we have assumed, although not strictly necessary, that the mantle wedge was back to secular equilibrium before the onset of the second metasomatizing stage. Also, the aqueous fluids liberated from the subducting oceanic crust (e.g. Tatsumi, 1989; Poli & Schmidt, 1995) have perhaps been helped by H 2 O released during dehydration of serpentine and chlorite in the underlying harzburgite, clearly occurring at greater depths (e.g. Stalder et al., 2001; Iwamori, 2004; Ru « pke et al., 2004) . These fluids migrated rapidly into the upper portion of the overlying mantle wedgeçalready metasomatized during Stage Iç and triggered melting of the mantle source to form the different magma series building up the volcanic edifice of Stromboli.
This second stage must have taken place not long before the eruption of the Palaeostromboli I magmas (85 ka) to maintain the 238 U excess signature of the Palaeostromboli II magmas at 60 ka ( Table 2 ). The 18% 238 U excess in the sample STR143 (Palaeostromboli II, Table 2 ) confines the time-window for aqueous fluid release between 120 and 85 ka, and in our model we have assumed 100 ka. The exact time is not critical and can only slightly modify the melting rate parameter during dynamic melting (see below).
On the basis of these arguments, we have tried to model the second stage of mantle enrichment by aqueous fluids released from another part of the subducting Ionian slab located at shallower depth (equivalent to 55 GPa), using the same trial and error approach as for Stage I. The bestfit solution has been found using the bulk partition coefficients measured for aqueous fluids in equilibrium with basalt (and sediment) at 4 GPa and 8008C (Kessel et al., 2005) , and an amount of H 2 O release of 2% and 3% from the basaltic and sedimentary component, respectively (Table 3) , consistent with the amount of fluid added to the mantle wedge beneath volcanic arcs (see Turner et al., 2003, for a review Table 3 ) from the sedimentary component has been assumed to be reduced with respect to the experimental data of Kessel et al. (2005) , owing to the stability of phengite at $8008C and $4 GPa (Schmidt et al., 2004) .
Also during this stage, the two distinct aqueous fluids can mix in different proportions to account for the specific fluid-mobile characteristics of the Stromboli lavas. For the sake of clarity, in Figs 11 and 12 we have reported the effects of the Stage II metasomatism only for fluid-mobile elements and considering the two compositionally extreme magma series of the Palaeostromboli II (CA series) and Neostromboli (KS series). The result of the Stage II model indicates that the Neostromboli (SL3) and Palaeostromboli (SL1) mantle sources after the Stage I enrichment are flushed and hybridized by two mixtures corresponding to $10% (AF1) and 60% (AF2) relative of the sedimentderived aqueous fluid. The absolute amount of the aqueous fluid mixture is $7% for AF1 and $3% for AF2 (white arrows, Figs 11b and 12b, c) . This process causes a shift towards higher Ba/Nb and U/Nb of the two mantle sources (Fig. 12b and c) , along with an opposite change of their Pb isotope compositions (Fig. 11b) . The fluid-mobile trace element characteristics of the other magma series (HKCA and SHO), falling between these two extreme compositions (Figs 11b and 12b, c) , require intermediate mixtures of the basalt-and sediment-derived aqueous fluids. Notably, the samples with high U/Nb (STR 143 Palaeostromboli II, and STR 2 Neostromboli, Fig. 12c ) have also the most extreme 238 U excess (Fig. 7) . Another striking feature is that Th is slightly mobilized in the aqueous fluids (Kessel et al., 2005) . This means that the aqueous fluids (e.g. AF1, AF2), although having high ( 238 U/ 232 Th), also have ( 230 Th/ 232 Th) higher than the metasomatized mantle wedge back to secular equilibrium. Consequently, this second step of metasomatism shifts the mantle source towards the 238 U excess part of the equiline and produces a slightly inclined array (Fig. 13a) .
The only sample that does not fit the model is the sample STR50 (KS series) because, as with Ba/Th (Fig. 9) , its high Ba/Nb (Fig. 12b) would require a significant amount of aqueous fluid which disagrees with its low U/Th (Fig. 9) , U/Nb (Fig. 12c) and 230 Th excess (Fig. 7) . Also, its Ba content is not greater than that of other KS series samples (Table 1) . We have no argument to explain this anomalous behaviour except that, perhaps, the geochemical signature of this sample has been determined by either low-pressure differentiation (Francalanci et al., 1989 (Francalanci et al., , 2007 or a slightly different metasomatized mantle source with respect to other magmas of the KS series.
Given this scenario, we are left to explain how it is possible to produce a series of magmas with 230 Th excess, mostly during the Recent and Neostromboli periods, and with ( 230 Th/ 232 Th) greater than that of their metasomatized mantle source (Fig. 13a) . Any ageing effect will ultimately raise the ( 230 Th/ 232 Th) of the metasomatized mantle source (Fig. 13a ) but cannot form magmas with Th excess starting from the U excess part of the equiline diagram. A potential explanation of the shift toward the Th excess part of the equiline diagram could be related to the presence of garnet in the residue after partial melting of the mantle wedge, allowing a net U^Th fractionation. Undoubtedly, the HREE fractionation of the samples (Table 1) requires an increasing amount of residual garnet from CA to SHO and KS series. However, after testing this possibility, we found that residual garnet alone is unable to greatly modify the ( 238 U/ 232 Th) of the mantle source. What is more important, residual garnet cannot account for the roughly constant (Gd/Yb) n and variable ( 238 U/ 232 Th) of the Neostromboli samples (Table 1 and Fig. 13a) .
The only possibility left to cross the equiline has to do with a time-dependent melting model as opposed to instantaneous melting models, such as batch or fractional melting, which implicitly assume instantaneous melt generation and extraction. These time-dependent melting models (for a review, see, e.g. Elliott, 1997) , although still requiring a net U^Th fractionation at the onset of mantle melting (i.e. residual garnet), consider the time elements spend in the melting column until a critical porosity is reached and the melt is extracted. For stable elements there is no difference between instantaneous and timedependent melting models, but for short-lived nuclides such as 230 Th the result of melting during a finite time period causes 230 Th ingrowth in the residual mantle and produces 230 Th excess in the extracted magmas. The different time-dependent mantle melting processes at subduction zones have been recently reviewed by Bourdon et al. (2003) , who suggested, on the basis of U-series systematics, that the most appropriate mechanism is a dynamic melting U excess part of the equiline diagram, and subsequently, upon ageing, the mantle returns to secular equilibrium. The small filled circle tick marks represent 1%, 3%, 5% mixing of the aqueous fluid mixture (average of AF1 and AF2) with the mantle wedge metasomatized during Stage I. As an example, we have drawn the mantle wedge composition at 60 ka, 10 ka, and 0 ka, corresponding to the eruption ages of the CA series (Palaeostromboli II), KS series (Neostromboli), and SHO series (Recent). The vertical dashed arrows indicate the composition of the magmas formed in response to the dynamic melting model. Their magnitude depends upon the melting rate (10^3 to 10^4 kg/ m 3 per year): the higher the melting rate, the shorter the arrow. The other parameters controlling dynamic melting are kept constant: porosity 0Á2%, bulk distribution coefficient for U and Th of 0Á003 and 0Á0014, respectively . The composition of the pre-enrichment mantle wedge along with the subducted sediment (SED) and basalt (AOC) is also reported. model following fluid addition, where melt is produced within a porous matrix and then rapidly channelized to the surface with little or no re-equilibration.
We have, therefore, combined an ageing effect starting from 100 ka with a dynamic melting model using the formalism of Zou & Zindler (2000) . The results (Fig. 13a) are presented for the magmas of the CA series (60 ka, Palaeostromboli II), the KS series (10 ka, Neostromboli), and the SHO series (0 ka, Recent period). For the sake of clarity, only a few arrows are reported (vertical dashed arrows, Fig. 13a) , which show the vertical displacement of the mantle source upon melting, applying (1) a melting rate of some 10^3 to 10^4 kg/m 3 per year, (2) a mantle porosity of 0Á2%, and (3) bulk distribution coefficients for U and Th of 0Á003 and 0Á0014, respectively. These parameters are in agreement with those adopted by Bourdon et al. (2003) in their review of U-series disequilibria in arcrelated magmatism. Notably, different melting rates during dynamic melting can account for the ( 230 Th/ 232 Th) variability of the Recent period magmas, which covers $50% of the entire sample range.
The ageing of the metasomatized mantle wedge after aqueous fluid addition coupled with dynamic melting is also able to explain the apparent controversy related to the positive correlation between Sr and Th isotopes, including the variable ( 230 Th/ 232 Th) at constant 87 Sr/ 86 Sr of the Recent period samples (Fig. 13b) . The first stage of metasomatism by supercritical liquids (Stage I) resulted in a progressive increase of the radiogenic Sr isotope signature of the mantle source (Figs 11a and 13b) 
Geodynamic model of the Stromboli subduction factory
A realistic geodynamic model of the Stromboli subduction factory must take into account both the key geochemical characteristics of the erupted magmas and the structure of the Aeolian arc subduction zone. The predominant geochemical characteristics of the mantle source of the Stromboli magmas have been imparted by the different mixtures of the two supercritical liquids of Stage I (SL1, SL2, SL3, Figs 11 and 12). This process cannot account, however, for fluid-mobile trace element characteristics (U, Ba, K, and partly Pb) and U^Th disequilibria of the samples. It is then proposed that another mantle enrichment stage occurred at shallower depths induced by aqueous fluids (Stage II), along with a delay of !350 kyr between the two stages to allow the decay of the 230 Th excess of the enriched mantle source after Stage I. Fitting these geochemical constraints into a geodynamic model is not straightforward, although some constraints can be made based on the model proposed for the Mariana arc lavas by Elliott et al. (1997) , adapting it to the structure of the Aeolian arc subduction zone.
The simplest model (Fig. 14) , perhaps not the only one, must be based upon the low geothermal gradient of the Aeolian arc subduction zone, which dips at a high angle ($708), leading to melting of the subducting slab at depths 4150 km with the formation of supercritical liquids (Stage I). The supercritical liquids from the basalt and sediment components of the slab rise into the overlying mantle wedge and react to hybridize it. We cannot say whether or not this stage caused melting of the mantle source. The only observation we can make is that any magmas that might have been generated during this first stage did not erupt in the last 85 kyr (Palaeostromboli I). It is possible, however, that magmas produced during Stage I could have been erupted prior to the Palaeostromboli I period (485 kyr ago), as our samples are limited to the subaerial part of the Stromboli volcano, and below sea level there are some 300 km 3 of volcanic rocks building up the volcanic edifice from the base of the Tyrrhenian sea floor ($2000 m below sea level). During the delay between the two stages, the enriched mantle wedge is dragged downward with the subducting slab, and the 230 Th excess created by the addition of the supercritical liquids decays.
In the second stage (Stage II), dehydration reactions in the subducted oceanic crust and the underlying harzburgite occurs at depths shallower than 150 km, releasing aqueous fluids into the overlying enriched mantle wedge and creating the 238 U excess. The aqueous fluid enrichment is critical to lower the solidus of the mantle wedge and trigger melting. Thus the mantle wedge, on returning to secular equilibrium (i.e. increasing 230 Th/ 232 Th, Fig. 13a ), forms, upon melting, the different Stromboli magmas whose fluid-immobile trace element characteristics are dominated by the Stage I mantle enrichment process.
The critical parameter in this geodynamic model is the delay between the two stages. If we take at face values the nominal pressures (4 and 6 GPa) and temperatures (800 and 9008C) adopted in our modelçrecalling that they represent only the experimental P^T conditions used to measure the trace element partitioning between aqueous fluids and supercritical liquids in equilibrium with basalt (Kessel et al., 2005) çthe geothermal gradient should vary from $58C/km (Stage I) to $6Á68C/km (Stage II). It is beyond the scope of our study to discuss thoroughly the causes of these P^T variations of the descending slab in !350 kyr, but we believe that this small difference could be caused by variations of the shear heating parameter (e.g. Davies & Stevenson, 1992; Roselle et al., 2002) in response to slab roll-back (e.g. Gvirtzman & Nur, 1999 , 2001 Faccenna et al., 2001 ) and the likely slowing down of the convergence rate of the almost exhausted Ionian slab.
Whatever the reason and the actual P^T^t path of the Ionian slab, the important point outlined by the geochemical characteristics of the Stromboli magmas is the occurrence of two mantle enrichment stages (supercritical liquids and aqueous fluids) that are separated by a time interval of !350 kyr and retain their discrete chemical characteristics until they are brought together in the mantle source, shortly before melting.
C O N C L U D I N G R E M A R K S
We have presented a comprehensive trace element and radiogenic isotope study of the eruptive products of Stromboli, one of the most intriguing volcanoes of the world. The variety of magma compositions erupted in the last 100 kyr is unique among the Aeolian Island volcanoes. This variety requires a complex model of mantle source enrichment and time-dependent mantle melting mechanisms.
The main results obtained from our study demonstrate that the magmas of Stromboli originated from a mantle source that experienced two distinct enrichment processes by different parts of the subducting oceanic crust of the Ionian slab. The first was caused by supercritical liquids originating from the basaltic and sedimentary component of the subducting slab at 45 GPa and $9008C. The second was caused by aqueous fluids, originating again from the basaltic and sedimentary components of the slab, released from another part of the subducted Ionian slab located at shallower depth (equivalent to 55 GPa) and $8008C. The high-angle dip of the Ionian slab determined the superimposition of the metasomatizing agents of the two enrichment processes (Stage I: supercritical liquids; Stage II: aqueous fluids) in the same volume of mantle wedge, explaining the occurrence of such different magma series in a single volcanic edifice (Fig. 14) .
U^Th disequilibria constrain the timing of the first metasomatism (Stage I) at !435 ka, whereas the second event (Stage II) occurred at $100 ka. Moreover, the ( 230 Th/ 232 Th) and 238 U and 230 Th excesses in the Stromboli samples provide evidence for the occurrence of dynamic melting of the metasomatized mantle wedge, combined with an ageing effect resulting from the restoration of secular equilibrium after the perturbation caused by the U-rich aqueous fluids of the second stage.
As a corollary, the geochemical and isotopic signature of the mantle source of the Stromboli magmas places important constraints on the isotopic polarity from Southern Latium to the Aeolian arc (e.g. Hawkesworth & Vollmer, 1979; Ellam et al., 1989; Conticelli et al., 2002) , attributed to an increasing within-plate (HIMU) component. For the sake of clarity, we did not include in the model of the Stromboli magmas (Figs 11 and 12) representative samples from Alicudi and Panarea, but we have demonstrated (Fig. 11b) putative 'HIMU' mantle component delineated by the Alicudi and Panarea magmas (Fig. 5) can be equally formed during metasomatism of the pre-existing mantle wedge by the supercritical liquid (Stage I) and subsequently aqueous fluid (Stage II) released by the subducted altered basalt of the Ionian plate. Similarly, the trend towards high K/Nb (and also high Th/Nb, Francalanci et al., 1993 Francalanci et al., , 2007 Peccerillo et al., 1993 Peccerillo et al., , 2004 and relatively low 87 Sr/ 86 Sr of the Alicudi and Panarea basalts (Fig. 6 ) can be explained by the predominance of the enriching agents (supercritical liquid and aqueous fluid) from subducted altered basalt in the mantle source of the Alicudi and Panarea magmas.
The involvement of the subducted basalt of the Ionian slab in forming the high 206 Pb/ 204 Pb mantle component is in keeping with the orogenic trace element characteristics of the Alicudi and Panarea magmas (Francalanci et al., , 2007 Peccerillo et al., 1993 Peccerillo et al., , 2004 , and requires neither lateral inflow of foreland mantle material (e.g. Peccerillo, 2001; Trua et al., 2002) nor a hot mantle plume in the centre of the Tyrrhenian basin (e.g. Gasperini et al., 2002; Bell et al., 2004) . The former is a very sluggish process, and the latter is contrary to the radiogenic isotope signature of the Tyrrhenian Sea basalts.
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